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RECOVER A RESPECTIVE SET OF RECEIVED SYMBOLS (rk) 

PnRRFQPnMniNft TO A PI I IRAI ITY HP TRANQMITTFn QVMROI Q {ri\s\ 




>r 




Ml II TIDI V CAPW OP TUC Dl I IDAI ITV DCPCI\/trn 
IVIULI IrLY LAUn Ur I nt rLUMALI I Y Ur ntUtlvtU 

SYMBOLS (rk) BY EXP l-Jo(dk)J TO GENERATE A SET OF 
PRODUCTS, WHERE 8(dk) REPRESENTS THE PHASE OF A 
nORRF^POMDIMfi TRAN9MITTFD ^YMROI (c\\s\ 

Ovjn 11 L_0 1 WIN L/ 1 1 N VJ 1 lirMNOIVII 1 1 L^L/ O T IVIDV w /i_ IU|\J. 
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DETERMINE THE REAL PART OF THE SUM THE OF PRODUCTS. 


—107 


, * . 




SUM THE ABSOLUTE VALUES OF THE TRANSMITTED SYMBOLS 
|(dk)l TO GENERATE A MAGNITUDE VALUE. 


-—-109 


>r 




DIVIDE THE REAL PART OF THE SUM OF PRODUCTS BY THE MAGNITUDE 
VALUE TO GENERATE AN ESTIMATED AMPLITUDE FOR THE M-QAM SIGNAL. 


111 


FIG. 1 




RECOVER A RESPECTIVE SET Or N RECEIVED SAMPLES (yk) 
CORRESPONDING TO A SET OF TRANSMITTED SYMBOLS (dk). 


201 


^ f 




FOR EACH N SAMPLES, MULTIPLY THE SAMPLE (yk) BY A 
CORRESPONDING SIGN (dk)TO GENERATE 
A SET OF PRODUCTS (y k )* SIGN(d k ). 


203 


\ 




SUM THE SET OF PRODUCTS TO GENERATE A FIRST SUM. 
1 1 


205 


i * 1 




SUM THE ABSOLUTE VALUES OF THE TRANSMITTED SYMBOLS 
l(dk)l TO GENERATE A SECOND SUM. 


207 






DIVIDE THE FIRST SUM BY THE SECOND SUM TO GENERATE 
AN ESTIMATED AMPLITUDE FOR THE q-ASK SIGNAL 


209 


FIG. 2 





2/8 



300 



RECOVER A RESPECTIVE SET OF RECEIVED SAMPLES (V|<) 
CORRESPONDING TO A SET OF TRANSMITTED SYMBOLS (dk). 




> 


r 


DETERMINE THE ABSOLUTE VALUES OF 
THE RECEIVED SAMPLES |(yk)|. 






r 


SUM THE ABSOLUTE VALUES OF THE RECEIVED SAMPLES 
TO GENERATE A FIRST SUM. 




> 


r 


DETERMINE THE MEAN OF THE ABSOLUTE VALUES OF 
THE AMPLITUDES OF TRANSMITTED SYMBOLS, E|(dk)|. 




> 


r 


MULTIPLY THE MEAN OF THE ABSOLUTE VALUES BY N 
TO GENERATE A PRODUCT, N* E|(dk)|. 




> 


r 


DIVIDE THE FIRST SUM BY THE PRODUCT TO GENERATE 
AN ESTIMATED AMPLITUDE FOR THE M-QAM OR q-ASK SIGNAL. 
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309 



311 



FIG. 3 
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RECOVER A RESPECTIVE SET OF RECEIVED SAMPLES (r(<) 
CORRESPONDING TO A SET OF TRANSMITTED SYMBOLS (dk). 


> 


f 


DETERMINE THE MEAN OF THE ABSOLUTE VALUES OF THE 
AMPLITUDES OF THE TRANSMITTED SYMBOLS, E|(dk)l, 
AS WELL AS THE MEAN OF THE ABSOLUTE VALUES OF 
THE AMPLITUDES OF THE RECEIVED SAMPLES, E|(rk)|. 


> 


r 


DETERMINE ESTIMATED AMPLITUDE A USING THE FORMULA \ 
A = {[2*(E|r k | 2 ) 2 -Elrkl 4 ] / [2*E|dkl 2 ) 2 -E|d k | 4 ]} 1/4 




r 


DETERMINE ESTIMATED NOISE POWER a 2 n FROM ESTIMATED 

A A 

AMPLITUDE A AS FOLLOWS: a 2 n = E|rkl 2 -A 2 E|dkl 2 


r ^ 

I OPTIONALLY, DETERMINE Ei 

| RATIO (SNR) AS SNR 


r , 

5TI MATED SIGNAL-TO-NOISE \ 

= [A 2 * E|dkl 2 l / a 2 n. 1 

i 



FIG. 4 
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500 



RECOVER A RESPECTIVE SET OF RECEIVED SAMPLES (r^) 
CORRESPONDING TO A SET OF TRANSMITTED SYMBOLS (dk). 



•501 



DETERMINE THE MEAN OF THE AMPLITUDES OF THE 
TRANSMITTED SYMBOLS, E(dk), AND ALSO DETERMINE THE 
MEAN OF THE AMPLITUDES OF THE RECEIVED 
SAMPLES, E(rk). 



•503 



DETERMINE ESTIMATED AMPLITUDE A AS: 
A = {[3*(E(rk) 2 ) 2 -E(rk) 4 ] / [3*E(dk) 2 ) 2 -E(dk) 4 ]} 1/4 



•505 



OPTIONALLY, DETERMINE ESTIMATED POWER AS: 
A 2 = {[3*(E(rk) 2 ) 2 -E(rk) 4 ] / [3*(E(dk) 2 ) 2 -E(dk) 4 ]} 1/2 



•507 



DETERMINE ESTIMATED NOISE POWER a 2 n FROM ESTIMATED 
AMPLITUDE A USING THE RELATIONSHIP: 
a 2 n = E(rk) 2 -A 2 E(dk) 2 . 



•509 



OPTIONALLY, DETERMINE ESTIMATED SIGNAL-TO-NOISE 
RATIO (SNR) AS: SNR = [A 2 * E(dk) 2 ] / a 2 n . 



511 



FIG. 5 
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RECOVER A RESPECTIVE SET OF RECEIVED SAMPLES (r|<) 
CORRESPONDING TO A SET OF TRANSMITTED SYMBOLS (dk). 




> 


r 


NORMALIZE N RECEIVED SAMPLES (rk), SUCH THAT 

< N 

i k 2lr k l 2 =l. 




> 


f 


SELECT TRIAL VALUES FOR Amin and Amax ACCORDING TO 
THE MINIMUM AND MAXIMUM SNR'S OVER WHICH TO SEARCH, 

Amin _ / SNRmin / SNRmax 
Amin Vl-SNR mi n ' Amax Vl + SNRmax- 




> 


r 


SELECT AN AMPLITUDE SEARCH STEP SIZE A TO ACHIEVE A 
DESIRED OR PREDETERMINED AMPLITUDE RESOLUTION. 




> 


r 


DETERMINE A VALUE FOR Ak =A m in +kA, WHERE 

0< k<KAND K- A max-Amin 

A 
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611 



FOR EACH AMPLITUDE Ak, ESTIMATE A CORRESPONDING 
NOISE POWER USING o2 = 1 -E|dkl 2 Ak 2 . 

FIG. 6B 

FIG. 6A 



TO BLOCK 61 3, 



600 
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FROM BLOCK 
611, 
FIG. 6A 



DETERMINE A JOINT PROBABILITY DENSITY FUNCTION 

f(Ak,an;n ,r2,...,rN) FOR EACH Ak, WHERE A 
PROBABILITY DENSITY FUNCTION OF rk IS DEFINED AS 



f(A,a n ;rk) = 



1 



M 

2esp 



V^JtanM m=1 



Irk-Adkl^ 



2a£ 



FOR AN M-QAM SIGNAL. IN THE CASE OF A q-ASK SIGNAL, 
THE PROBABILITY DENSITY FUNCTION IS DEFINED AS 



f(A,a n ;rk) = 



1 



M 

2esp 



V^jranM m=1 



(rk-AamV 

2o n 2 



, WHERE 



am =(-1) m 



m 



ASSUMING THE RECEIVED 



SAMPLES ARE INDEPENDENT, THE JOINT PROBABILITY 

DENSITY FUNCTION OF M, r2,...,rN 

N 

ISf(A,an;ri, r2,...,rN) = nf(A,o n ; tr). 

k=1 



FIND A VALUE FOR THE ESTIMATED AMPLITUDE, 
A, THAT MAXIMIZES THE JOINT PROBABILITY 
DENSITY FUNCTION AS FOLLOWS: 

A 

A = arg maxf(A,a n ;ri, r2,...,rN). 



613 
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•617 



SEARCH TO FIND A VALUE FOR Ak THAT 
CORRESPONDS TO THE MAXIMUM JOINT 
PROBABILITY DENSITY FUNCTION. 



— 

TO BLOCK 61 9, 
FIG. 6C 



FIG. 6B 



600 



B 



FROM BLOCK 61 7, 
FIG. 6B 
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SUBSTITUTE THE VALUE FOR Ak DETERMINED 
IN THE PRECEDING STEP INTO EQUATION 

A 

A = arg max f(Ak,an; n , r2,...,rN) TO OBTAIN 

A VALUE FOR A, REPRESENTING AN ESTIMATED 
AMPLITUDE VALUE. 



OPTIONALLY, DETERMINE A VALUE FOR 
ESTIMATED NOISE POWER FROM ESTIMATED 
AMPLITUDE A AS FOLLOWS: 

On = E(rk) 2 -A 2 E(dk) 2 . 



i 



OPTIONALLY, DETERMINE A VALUE FOR 

ESTIMATED SIGNAL-TO-NOISE (SNR) FROM Y 

THE RELATIONSHIP SNR = | 

[A 2 *E(dk) 2 ]/a n 2 | 



619 



621 



623 



F/G. 6C 



700 



FROM FIG. 7A, 
BLOCK 707 



ESTIMATE SIGNAL-TO-NOISE (SNR) USING: 



SNR = 



(2-Kurt(r)) +A /(4^-2KM-QAM)-(2-KM-QAM)Kurt(r)" 
(Kurt(r)-K M _ QAM ) 



709 



F/G. 7B 



700 
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701 



DETERMINE SECOND-ORDER AND FOURTH-ORDER MOMENTS 
OF A SET OF RECEIVED SAMPLES (rk). THE SECOND-ORDER 
MOMENT IS DEFINED AS E{|rk| 2 }^E{|nk| 2 }+E{|dk| 2 }, 
AND THE FOURTH-ORDER MOMENT IS DEFINED AS 
E{|r k | 4 }=E{lnkl 4 } + E{|dkl 4 } + E{|nkl 2 }E{|dkl 2 } ) WHERE 
dk DENOTES THE TRANSMITTED SYMBOLS AND nk DENOTES A NOISE 
COMPONENT THAT IS RECOVERED WITH THE RECEIVED SAMPLES rk. 



DIVIDE THE FOURTH-ORDER MOMENT BT THE SECOND-ORDER 
MOMENT SO AS TO IMPLEMENT A KURTOSIS OPERATION AS FOLLOWS: 

Kurt(r)= E{|rkl^}_ E{|dkl 4 }+E{|n k | 4 }+4E{|dkl 2 }E{|n k | 2 } 

~E{|r k | 2 } 2 E{|dkl 2 } 2 +E{|n k | 2 } 2 +2E{|dkl 2 }E{|n k | 2 } 

THE FOREGOING EXPRESSION FOR KURTOSIS INCLUDES A FIRST KUROSIS 
COMPONENT ATTRIBUTABLE TO THE RECEIVED SIGNAL, AND A SECOND 
KUROSIS COMPONENT CORRESPONDING TO THE RECEIVED NOISE. 



DETERMINE THE SECOND COMPONENT OF KURTOSIS, 
CORRESPONDING TO RECEIVED NOISE, AS FOLLOWS: ASSUMING 
THE EXISTENCE OF COMPLEX CIRCULARLY SYMMETRIC GAUSSIAN 
NOISE, THE KUROSIS OF THE NOISE COMPONENT ALONE IS 



DETERMINE THE FIRST COMPONENT OF KURTOSIS, 
CORRESPONDING TO THE SIGNAL, (K S ig), AS 



K Am 4 } 

DENOTED AS Km-QAM 



IN THE CASE OF AN M-QAM SIGNAL, K s ig IS 



TO FIG. 7B, 
BLOCK 709 



F/G- 7 A 



